Many sectors rely on energy as input to produce output. Even though the use of energy in agriculture sector is not as high as in other sectors, it is important to study the connectedness between the two sectors as there is no study done so far to show the linkages between them in Malaysia. Input-output analysis has been used to study the connectedness degree between the two sectors using input-output data for 1991-2000. The direct and total backward linkages analyses have shown that there is a significant increase in the use of energy in agriculture sector for the 1991-2000 period but the connectedness is still weak. Among the three energy-related sectors namely; crude oil, natural gas & coal, petrol & coal industries and electricity & gas, it was found that the agriculture sector depends more on inputs from petrol & coal industries as compared to the other two sectors. Based on these results, some policy implications have been proposed to help the decision-makers in economic planning especially on implementing policies related to energy and agriculture sectors.
Introduction
Malaysia has transformed itself since the 1970s from a producer of raw materials into an emerging multi-sector economy. For decades, the agriculture sector has been one of the economic pillars of the country, playing its role as a means for the development of remote and rural areas. It supplies food to the increasing population, reducing the dependence on import for food from abroad and at the same time become a source of national income through its exports, especially products produced from commodities such as oil palm and rubber. Most developing countries experience a declining contribution of agriculture sector to economic growth as they focusing on improving the performance of manufacturing and services sectors as the main contributors to economic development. However, since early 2008, in response to the global food crisis, especially for rice, securing adequate food supply has been one of the top agenda of these countries. Within 5 years, Malaysia's food import bill jumped by 80% from RM12billion in 2002 to RM23billion in 2007 (DOSM, 2007 . The government has allocated RM5.6billion for the implementation of National Food Security Policy from 2008 to 2010. This allocation, among others, is to provide incentives to agriculture entrepreneurs to reduce production costs and encourage higher agriculture output (Malaysia's Budget 2009). Despite the fact that the contribution of agriculture sector to gross domestic product (GDP) is not as high as the contribution of services and manufacturing sectors, it is undeniable that agriculture sector play a very important role in economic development and sustaining the welfare of society. Figure 1 shows the contribution of each sector to GDP. The main contributor to GDP is services sector. It is followed by manufacturing, mining, agriculture and construction sectors. In terms of growth, it is found that the highest growth rate is for mining sector (8.7 percent), followed by manufacturing (8.39 percent) and services (7.19 percent) sectors. The least growth is for agriculture sector (2.66 percent) followed by construction sector (5.23 percent).
The government through its 3 rd National Agriculture Policy (1998 Policy ( -2010 is putting efforts to maximize income through the optimal utilization of resources in agriculture sector. The specific objectives of the policy are to enhance food security; to increase productivity and competitiveness of the sector; to deepen interrelationship with other sectors; to create new sources of growth for the sector; and to conserve and utilize natural resources in a sustainable basis. In tandem with government objective through this policy, therefore, it is important to investigate the linkages between agriculture and energy sectors of this country. As all know, energy being the capacity to do work is very important for all human activities, especially those concerning the production of goods and services. Furthermore, in addition to the limited supply of non-renewable sources of energy such as crude oil, natural gas and coal, the environmental impact from their usage have attracted the researchers to study the interrelationship between the two sectors in depth. The study on energy use patterns in Malaysia still needs more evidences and analysis. In the literature review, we found very few studies investigated the issues related to the use of energy. There is no study found to investigate the interrelationship between energy sector and agriculture sector.
Objectives of the Study
There are still very few studies on linkages between economic sectors in Malaysian economy. There is no single study has been done to investigate the linkages between energy and agriculture sectors in this country. It might not be of interest among researchers to discuss issues in agriculture sector as its contribution to economic growth is not as important as the contribution by services and manufacturing sectors. This study has taken an initiative to fill this gap and to take the responsibility to propose any policy implications that seems suitable for policy-makers to implement for the betterment of both agriculture and energy sectors based on the research findings.
The aim of this study is to provide an economic analysis of energy consumption in agriculture sector in Malaysia for the 1991-2000 period using input-output methods. So, the interdependency between agriculture and energy sectors will be analyzed. The direct and total backward linkages between the two sectors will be measured and analyzed. This analysis is important to perform necessary improvements in both sectors. It is expected that this study will help in determining a production system that involves sustainable use of energy in Malaysia's agriculture.
Based on the above-mentioned objectives, the hypotheses of this study could be formalized as follows:
There is a significant connectedness between agriculture and energy sector in Malaysia, on the one hand, and on the other hand, there is a significant change in the use of energy in agriculture sector in Malaysia.
Overview of Energy Sector
Malaysia is a significant Southeast Asian producer of crude oil and natural gas. Sustained economic growth has helped to make the country a growing energy consumer in its own right. From being an energy rich country a decade ago, Malaysia will gradually be joining other countries that have to rely on imports in order to meet domestic demand. Although blessed with crude oil resources, Malaysia is relatively a small producer at the international level. In fact, the oil and gas reserves are now depleting. In the case of natural gas, the production is declining at the rate of about 10 percent per annum (Ahmad, 2010) . As of 1 st January 2009, crude oil reserves were at 5.52 billion barrels and natural gas reserves stood at 87.9 trillion cubic feet and sufficient to last for 22 and 36 years respectively based on the current production level (Economic Report, 2009 ). The growth rates for the production of crude oil, natural gas and electricity for the 1973-2006 period were 5.78, 17.28 and 9.51 percent respectively (See Figure 2) .
Besides crude oil and natural gas, Malaysia also has some coal resources. However, due to remoteness and quality factors, only a small percentage of local coal is being mined while a sizeable amount is imported to meet the requirement for power generation (Ahmad, 2010) . As of 31 st December 2008, Malaysia's coal reserves were at 1938.4 million tonnes (Malaysian Energy Center, 2008) . In addition, large hydro resources have also been developed over the years throughout the country but there remains some potential for future development. As for electricity, natural gas continued to remain the main fuel source for its generation followed by coal, hydropower, diesel and fuel oil. The calculated reserve margin for Peninsular Malaysia in 2008 was 43 percent and 13 percent for Sarawak with Sabah at 44 percent (Malaysian Energy Center, 2008) .
On the demand side, in meeting increasing energy demand, Malaysia has been importing natural gas from the Malaysia-Thailand Joint Development Area (JDA) and West Natuna, Indonesia. Citing the fuel diversification policy, the country has also been increasing its import for coal so as to reduce its dependence on natural gas and to ensure a balance energy mix for power generation. For energy demand by sectors in 2008, the share in energy demand was highest for the industrial sector, followed by the transportation sector, residential & commercial sector, the non-energy sector and agriculture sector. Only non-energy use and residential & commercial sectors showed downward trends in energy demand (Malaysian Energy Center, 2008) . Malaysia's energy consumption in agriculture sector has increased in recent years. Even though the usage in this sector is relatively small, it is still important to know the pattern of its energy usage in order to help for economic planning for both sectors (i.e agriculture and energy sectors). There are several reasons that might be resulted for increasing energy consumption in agriculture sector. Among the reasons are; the problem of labour shortage within the sector along with government policy to reduce the dependency on foreign labour and the limited availability of land for agricultural activities caused by rapid development for housing and industrial areas. Modernization of agriculture sector by the use of new technology in meeting the increasing demand on agriculture products has also led to increasing energy consumption.
Agriculture activities such as rubber, oil palm, coconut and tea plantations, livestock breeding and poultry, fishing and many others use input from energy sector to produce output. Input such as crude oil, natural gas, coal, petroleum products and electricity are crucial in the production of agriculture output. Table 1 shows that each agriculture activity absorbs an amount of each type of energy as input for its production. The highest amount of energy absorbed by each agriculture activity is from petrol & coal industries. Among all of the agriculture activities, fishing activity absorbs the highest amount of energy followed by forestry & logging and oil palm estates. In total, for the year of 2000, agriculture sector absorbs input from energy sector at the amount of near to RM2.5billion. Therefore, it is clear that there is a high connection between agriculture sector and energy sector. This study will investigate in detail on how strong is the connectedness between the two sectors using input-output methods.
Literature Review
Agriculture requires energy as an important input for production. Energy consumption by the agriculture sector can be broadly categorized into direct and indirect energy use. Agriculture uses energy directly as fuel or electricity to operate machinery and equipment, to heat or cool buildings and for lighting in the farm and indirectly in the fertilizers and chemicals produced off the farm (Uhlin, 1998) . Energy's share in agriculture production varies widely by the kind of activities, production practices applied, geographic location of the production area and environmental conditions such as soil and climate factors (Esengun et al., 2007) .
The agriculture sector, like other sectors, has become increasingly dependent on energy resources such as electricity, fuels, natural gas and coke. This increase in energy use and its associated increase in capital intensive technology can be partially attributed to low-energy prices in relation to the resource for which it was being substituted (Gowdy et al., 1987) . Modernization of many operations in agriculture production increases its energy consumption. In order to sustain agriculture production, effective energy use is required, since it provide financial savings, preservation of fossil resources and reduction in air pollution (Pervanchon et al., 2002 and Pimentel, 1980) . In addition, with the limited availability of suitable land for agriculture, the only chance for producers to increase total output will be using more input. The dependence of agriculture sector on energy sector to supply more food to increasing population and considering the limited natural resources, as well as the impact of using energy sources on environment and human health, it is substantial to investigate energy use patterns and energy efficiency in agriculture sector (Hatirli, Ozkan and Fert, 2005) .
The analysis of linkages between sectors has a long history within the field of input-output analysis. The input-output analysis and the derivation of linkages indices were initially proposed by Leontief (1936) . He considered the various economic sectors as a series of inputs of source materials (or services) and outputs of final or intermediate goods (or services). Rasmussen (1956) then developed the procedures for measuring inter-industry linkages using the inverse of Leontief input-output tables which takes into account both the direct and indirect effects of an increase in the output of an industry. Rasmussen's backward and forward linkages are known as power of dispersion index and sensitivity of dispersion index respectively. Chenery and Watanabe (1958) proposed using the column (or row) sums of the input coefficient matrix to calculate backward and forward linkages. However, this measure only captures direct effects and leaving out indirect impacts. Hirschman (1958) suggested that backward linkages effects are related to derived demand, while forward linkages effects are related to output utilization.
In the 1970s, the above-mentioned traditional measures were widely discussed. They have been improved and expanded in several ways, and many different methods have been proposed for the measurement of linkages coefficients (Hazari, 1970; Yotopoulos & Nugent, 1973; Laumas, 1976; Riedel, 1976; Jones, 1976; Schultz, 1977) . More recently, linkages analysis methods have again attracted increasing attention from input-output analysts (Cella, 1984; Clements, 1990; Heimler, 1991; Sonis et al., 1995; Dietzenbacher & Linden, 1997) . However, each has its own advantages and disadvantages.
The input-output modeling technique has been extensively used in decomposition analyses of sectoral energy consumption. This is mainly because an input-output Franzluebbers & Fancis (1995) . However, among all the studies available, there were very few using input-output tables as their sources of data. Instead, data were collected through survey questionnaires. The researchers of this study will only use data from input-output table which is more suitable for national economic planning as the data representing values aggregated at national level. The study on the interrelationship between the two sectors will be very useful to provide planners and policy-makers an opportunity to evaluate economic interactions between them.
Data and Methodology

Data
This study uses secondary data from Malaysia's Input-Output Tables for the year The researchers use Microsoft Excel for the calculation of A coefficient matrix, (I-A) -1 inverse matrix and for the data analysis process. The period of study is 1991-2000 using the latest two input-output tables published by the Department of Statistics of Malaysia. The latest two tables i.e 1991 and 2000 are chosen for consistency of types of energy-related sectors available in these two tables. In other words, the earliest three tables published for 1978, 1983 and 1987 were ignored since there are inconsistencies in types of energy-related sectors. Data from input-output tables is not of the kind of time-series data. Normally, it is published for every 5 years consecutively. Therefore, the limitation of this study is the failure to investigate the changes in energy consumption using time-series data.
Methodology
Towards the achievement of research objectives, this research will employ method based on Leontief's input-output framework (e.g. Leontief, 1966; Miller & Blair, 1985) where the structure of an economy is analyzed in terms of connectedness between production sectors. Generally the input-output model which describes the transactions among economic sectors are described through the use of a system of linear equations, which represent for each sector the identity between the total output produced and the output purchased and consumed by all the other sectors of the system. In other words, everything produced by a sector is purchased and consumed respectively by the other ones as inputs or by the consumer as final demand. In matrix notation this system of linear equations is;
Here x is a column vector of output of order n; f is a column vector of final demand of order n; I represents an identity matrix and A is the coefficient matrix. (I-A) -1 is known as 'Leontief inverse' matrix. This equation is the solution equation of the input-output analysis.
A study on connectedness between production sectors allows us to identify the most important sectors in an economy. This study will only focus on direct and total backward linkages which allow one to find the dependence of one industry on other industries in terms of the supply of inputs. In other words, it measures the extent to which an industry utilizes the outputs of other industries as input for its production process. In an input-output framework, purchases of industry B from industry A are recorded as B's backward linkages. One possible measure of backward connectedness is known as direct backward linkages which uses the column sum of technical coefficient matrix, A, as proposed by Chenery (1958) . Each value of the A matrix is obtained by dividing each entry in the transaction table by its column total i.e the total input coefficient of the respective sector. In other words, the column sum of A matrix will be used to measure the backward linkages. The direct backward linkages, U j , can be calculated by:
The above method measures the first round effects generated by the connectedness between sectors since it is based on direct input coefficients, A. Therefore, these indicators are called direct backward linkages indicators.
Unfortunately, the measurement on direct backward linkages ignores the indirect stimuli given to the economy if investment takes place. This measure has three deficiencies (Jones, 1976) ; double counting of causal linkages, neglect of indirect impacts and failure to distinguish the domestic effect from those operating on foreign economies. Therefore, this study will also measure both the direct and indirect linkages i.e total backward linkages using (I-A) -1 matrix i.e the input inverse and find the sum of each column elements (Yotopoulus and Nugent, 1976) . The formula which is used to calculate the total backward index can be written as follows:
l j is the sum of the elements in column j of the (I-A) -1 matrix. Now, each element in column j measures the direct and indirect impact of the inverse of one unit in the final demand for industry j on each of the n industries. It must be noted that Equation (3) would be used also as a multiplier ). Table 3 Table 4 shows the direct backward and total backward linkages between agriculture and energy-related sectors namely crude oil, natural gas & coal, petrol & coal industries and electricity & gas. In terms of direct backward linkages, it is shown that, among the three energy-related sectors, agriculture sector was relying more on petrol & coal industries output as its input compared to the other two energy-related sectors. The value of total energy use in agriculture sector was significantly increased by 440 percent in 2000 where it only used 1 percent of energy as input in 1991 and has jumped to 5.4 percent in 2000. For total backward linkages, petrol & coal industries remain at the first ranking for both the 1991 and 2000 as the main input of energy for agriculture sector. However, the ranks for crude oil, natural gas & coal and electricity & gas have interchanged between one another as the second and third rank in terms of supplying inputs to agriculture sector.
Results Analysis
Finally, it can be concluded that within 10 years duration, agriculture sector connectedness with other sectors in the economy has become stronger. Its dependence on overall sectors in the economy to supply inputs for its production has increased. However, from the perspective of input-output analysis, the connectedness is still weak as all the values are below 0.5. Furthermore, there is a significant increase in the use of energy inputs by agriculture sector in terms of both direct and total backward linkages. Among the three energy-related sectors, it relies more on inputs from petrol & coal industries. However, again, from the input-output analysis point of view, the connectedness between agriculture and each of energy-related sectors is still weak. Thus, from the above results, the two hypotheses stated earlier can be accepted. Also, we can conclude that there is a significant connectedness between agriculture and energy sector and there is a significant change in the use of energy in agriculture sector.
Policy Implications
As shown by the above results, the linkages between agriculture and energy sectors have become stronger especially agriculture linkages with petrol and coal industries. As referred to the input-output table of Malaysia for the year 2000, the agriculture subsector which absorbed the highest amount of petrol & coal products was fisheries sector followed by forestry & logging and oil palm estates. Malaysia government has been implementing fuel subsidy system since 2002 and has been restructuring the system for several times to ensure the subsidy to reach the target group and preventing irresponsible parties from abusing the subsidy through smuggling of the commodity i.e fuel. Selecting those involved in fisheries sector as among the recipients of the subsidy is the right decision made by Malaysia government. However, the problem of fuel i.e petrol and diesel smuggling into neighboring countries especially Thailand and the problem of abusing the subsidy system are still rampant. Therefore, the government should take appropriate steps to curb these problems seriously.
The result had shown that the values of direct backward linkages between agriculture sector and electricity & gas sector between 1991 and 2000 are the same. It means the linkages between the two are stagnant after 10 years duration. This paper recommends that the use of electricity and gas as inputs in agriculture sector should be increased wherever possible as their costs are cheaper compared to petrol products and this will result in increasing profits in that sector. This will indirectly benefit those low and middle income families by earning higher income compared to their earnings when using petrol products as inputs for agriculture production activities.
Conclusion and recommendation
This study has explored the direct and total backward linkages between all sectors in Malaysian economy and later emphasis the linkages between agriculture and energy sectors. Furthermore, it can be indicated that there is a connectedness between agriculture and energy sector in the Malaysian economy. It is also found that there is an increase in the connectedness between the two sectors for the 1991-2000 period. If we are comparing between the three energy-related sectors namely; crude petrol, natural gas & coal, petrol & coal industries and electricity & gas, the results show that agriculture sector depends more on petrol & coal industries products as inputs for its production process. For more evidence of the policy implication, we recommended that it might be suitable to be taken into consideration by policymakers to further enhance the linkages between sectors in Malaysia especially between agriculture and energy sectors by using multipliers indicators. 
